Introduction
The supporting information contains a detailed description of the data that is used in the study. It also presents an evaluation of the methodology for retrieving the coupling degree as well as error propagation of the uncertainties and statistical properties of coupled and decoupled clouds. Also included are supported figures for Section 4 in the paper.
Data
Detailed cloud top properties (cloud liquid water path (LWP), effective radius (re), cloud top temperature and optical thickness) at 1 km spatial resolution were retrieved from the Moderate Resolution Imaging Spectroradiometer (MODIS) detector on board the Aqua satellite. These quantities, defining the cloud microstructure, are provided from MODIS level 2 cloud product (collection 6) [Platnick et al., 2003] . Cloud top heights were retrieved from the Cloud Aerosol Lidar with Orthogonal Polarization (CALIOP) level 2 cloud layer product (version 3.01). Below 8 km CALIOP resolves cloud layers with vertical resolution of 30 m, sampled along the orbital track every 333 m. Cloud and rain reflectivity factors were derived from the observations of the 94GHz cloud profiling radar (CPR) on board CloudSat, and were provided by the operational CloudSat 2B-GEOPROF product [Marchand et al., 2008] . The CPR provides radar reflectivity with vertical profiles spaced horizontally every 1.7 km and vertically sampled at 240m intervals with minimum detectable signal of -28 dBZ. SST, wind speed and directions are provided from the European center for Medium-Range Weather Forecast (ECMWF) model with resolution of 1• (http://www.ecmwf.int/). The cloud properties and reanalysis data were collocated and interpolated in a 1x1 km 2 latitude-longitude grid centered around the ground-track of CALIOP. Only single layer liquid clouds with cloud top heights below 3 km were selected. The Hybrid Single-Particle Lagrangian Integrated Trajectory Model (HYSPLIT) was used to generate back trajectories of air parcels (http://ready.arl.noaa.gov). MODIS truecolor images were provided by the National Aeronautics and Space Administration (NASA) Earth Observing System Data and Information System (EOSDIS) (https://worldview.earthdata.nasa.gov/). For the evaluation of the method sounding and ship observations of temperature, relative humidity and ceilometer data were used, provided from the mobile observation facility of the Atmospheric Radiation Measurement (ARM) aboard the Marine ARM Global Energy and Water Cycle Experiment-Cloud System Study-Pacific Cross-section Intercomparison Investigation of Clouds (MAGIC). Spatial cloud properties were averaged over 100x100 km scenes and were calculated from the top 5% of the cloudy pixels with the largest optical thickness, as explained in Section 2 in the manuscript. Meteorological parameters (Lower tropospheric stability (LTS), large scale divergence, precipitable water and 10 meter wind speed) were calculated for the same regions based on ECMWF reanalysis. LTS was calculated by θ700 -θ1000 [Klein and Hartmann, 1993] , with θ being the potential temperature. Large scale divergence is represented by the averaged divergence profile within the boundary layer, from 1000 to 900 hPa [Sandu and Stevens, 2010] . Precipitable water were calculated for the atmospheric column between 750 to 500 hPa [Goren and Rosenfeld, 2015] .
Reconstruction of LWP
Over broken precipitating cloud scenes MODIS cloud properties are not provided for all of the cloudy pixels. Failed retrievals occur when there is no combination of optical thickness (τ) and effective radius (re) in the MODIS look-up tables that can explain the observed cloud reflectance. The leading type of such a retrieval failure is due to re that is too large [Cho et al., 2015] . Such a failure is common in convective cores of heavily precipitating broken clouds, where the re presumably increases to large size due to strong updrafts that prevent the drops from falling down. As a results, the drops grow to sizes that are outside the range of MODIS look-up tables, which are limited to 30 μm. The coupling degree is diagnosed in our study for cores of convective elements. Excluding cloud scenes without cloud properties inside their cores would limit the sampling size and would ignore part of the spectrum of broken Marine Stratocumulus clouds (MSC). In order to represent also cases with failed cloud retrievals due to too large re, we reconstructed τ and LWP when they were not provided in the usual MODIS product. This was done based on operational "Retrieval Failure Metric" provided by MODIS [Platnick et al., 2014] . This product provides, in case of retrieval failure, the nearest τ and re in the look-up table that can explain the observed reflectance. These additional retrievals are here noted τRFM and re_RFM. In the case of convective cores, the latter is in most cases found to be 30 μm, which represents an underestimation of reality. A value of re=40 μm is therefore used in this study to account for this overestimation. Only pixels with τRFM>10 were selected in order to include only cores of convective elements, in which the retrieval failure is most likely due to the too large re [Cho et al., 2015] . The LWP was calculated as follows [Han et al., 1994] :
with ρw being water density, τ=τRFM and re=40 μm.
We tested the sensitivity of the calculated cloud base height for the re values used to reconstruct the LWP. This was done by comparing the cloud base height that is retrieved by our method, using the reconstructed LWP, with CALIOP lowest penetration depth. The latter provides a rough estimate of the cloud base height in broken cloud fields. The agreement between the two increased with increasing re up to values of 90 μm, depending on the type of clouds in each scene. Nevertheless, we have decided to use a more reasonable lower re of 40 μm. Using a lower re than the real one may cause broken precipitating clouds to be biased to weaker coupling (or even decoupling). Even though, our results show a significant difference in the cloud fraction between coupled and decoupled clouds. This puts our results on the more conservative side, as the difference in the cloud fraction can be potentially larger for a selection of larger re to reconstruct LWP.
Evaluation 2.1 Evaluation of ΔTc as a measure for the coupling degree
In order to evaluate ΔTc (i.e., the temperature difference between Tadi_sfc and SST) as a metric for the coupling degree we compared it against a coupling metric that is often used in other studies [Comstock et al., 2005 , Jones et al., 2011 , Terai and Wood, 2013 . The last assumes that a height difference of more than 300 m between the lifting condensation level (LCL) and the cloud base implies that the MBL is likely to be decoupled (ΔZ_LCL metric). Simultaneous observations of sounding profiles and ship measurements from MAGIC allowed us to compare the two metrics using the same measurement set. For the ΔTc metric, the surface temperature (Tadi_sfc) was constructed base on the observed cloud base height and temperature from the soundings (cloud was defined to be where the relative humidity=100%). ΔTc was then calculated using the SST that was observed by the ship. For the ΔZ_LCL metric, the LCL was estimated based on surface measurements of temperature and relative humidity [Lawrence, 2005] , and was compared with the cloud base height as observed by the sounding. Figure S1 shows the comparison of the two metrics for 123 cases of boundary layer clouds (cloud tops<2.5 km). A correlation of R 2 =0.77 was found, indicating that ΔTc is a comparable measure to ΔZ_LCL. 19% of the 123 cases were diagnosed as coupled by one metric and decoupled by the other, and vise versa (cases that fall in the 2 nd and 4 th quadrant in S1). For a strict threshold of ΔTc, |ΔTc|>1˚K the two methods agree on the coupling state with no exceptions. The colors in Figure S1 represent the temperature difference between the actual measured surface temperature and the SST (ΔTair_sea). It can be seen that larger (smaller) ΔTair_sea corresponds to larger (smaller) ΔTc. ΔTair_sea>0 means that the air above the sea is warmer, hence the MBL is likely to be decoupled. Note that cases with ΔTair_sea>0 exist in the 2 nd quadrant, i.e., decoupled by ΔTc and coupled by the ΔZ_LCL metric. Clouds in a MBL where ΔTair_sea>0 are not likely to be coupled, suggesting that the ΔTc metric is better in diagnosing the MBL coupling state. We define ΔTair_sea=Tsfc-SST, with Tsfc being the actual surface temperature. Past studies indicate ΔTair_sea to be around -1C [Stevens et al., 2007; Terai et al., 2014; Zuidema et al., 2009] . A large negative ΔTair_sea may affect the retrieved decoupling degree in decoupled clouds, so that they may incorrectly be diagnosed as coupled (given ΔTair_sea<ΔTc<0). In the case study presented in the paper ΔTc is sufficiently large to prevent such ambiguity.
Evaluation of the satellite retrieved coupling degree against in-situ ship measurements
Due to limited in-situ observations over oceans and the need to have a coincidence between the satellite overpass and the in-situ observations, cases for a direct evaluation are scarce. Nevertheless, several cases from MAGIC fitted the requirements for a proper evaluation of our retrieval method. The selected MAGIC observations were required to be within 150 km from the CALIOP ground track and to have an homogeneous cloud field over the broader region. Out of 26 potential cases only 5 had MSC clouds.
The coupling degree derived from MAGIC followed the ΔZ_LCL method by comparing the lidar observed cloud base height with the calculated LCL. The LCL was calculated from surface measurements of temperature and relative humidity [Lawrence, 2005] , and were averaged for ±1 hour around the satellite overpass time. Clouds in which the ceilometer-measured cloud base height was higher by more than 300m from the LCL were considered decoupled [Comstock et al., 2005] . Because MAGIC samples the clouds just above its cruising track and not spatially, in order to have the satellite sampling consistent with that of MAGIC, the coupling degree was calculated only for the pixels along the CALIOP ground track, rather than for a 100x100km 2 region. The satellite coupling degree was therefore calculated over the ground track, ±50km north and south of the ship location. In order to represent the convective cores, the coupling degree was calculated from the lowest 25 th percentile of the observed cloud bases, for both MAGIC and the satellite. The comparison of the coupling degree as estimated by MAGIC and the satellite is shown by the x symbols in Figure S1 . Although very limited, the comparison shows a coherent agreement of the retrieved coupling state.
It should be mentioned that among the 162 MODIS swaths that were analyzed in section 4 in the main paper, ship tracks were never observed in clouds that were diagnosed as decoupled, they were observed only in coupled clouds. This adds confidence that the coupling method is able to distinguish properly between coupled and decoupled clouds.
Error propagation of uncertainties
Uncertainties may arise from the satellite retrievals of the LWP, cloud top temperature (Ttop) and pressure (Ptop), as well as from the reanalysis SST. The uncertainty in the LWP is further influenced by the adiabtic assumption that is assumed for the calculation of the cloud base height and temperature (see Section 2 in the paper). We estimate the uncertainty of the LWP to be ±50%, given retrieval uncertainties as well as the non-adiabaticity of the clouds. The cloud top temperature uncertainty is estimated to be ±0.3K, considering an error of 0.1K on MODIS brightness temperature measurements and accounting for possible uncertainties related to atmospheric gaseous absorption. Note that we excluded scenes with multilayer clouds and applied a threshold optical thickness larger than 5 for cloudy pixels, which minimizes even further biases in the retrieved cloud top temperature. Cloud top pressure uncertainty is estimated to be ±50 hpa. The SST accuracy is ±0.57K [Donlon et al., 2012] . In order to assess the effect of those uncertainties on ΔTc we performed an error propagation analysis to estimate the ΔTc standard error, σ ΔT c :
where xi represents each auxiliary parameter (LWP, Ttop, Ptop and SST) that is associated with its standard error, σ x i , as specified above. In that sense, σxi is weighted by the sensitivity of ΔTc to the corresponding auxiliary parameter [Sourdeval et al., 2013] . Applying the above uncertainties results with σ ΔT c in the range of 0.7 to 1K, with the larger σ ΔT c for thicker clouds (50% bias in clouds with high LWP has more influence than in clouds with low LWP).
Note that the coupling degree is calculated for pixels with optical thickness larger than the 85 th percentile within a scene of 100x100 km. Those pixels represent the thickest clouds that are assumed to be more adiabatic. They also represent the core of convective elements, and therefore are likely to be surrounded by cloudy pixels. These pixels suffer less from biases due to partial pixel filling [Goren and Rosenfeld, 2013] .
Temporal evolution of decoupled clouds
We examined the persistence of the decoupled layer that is presented in the case study in the paper by tracking its location to the following day. Forward trajectories were computed from the air mass of the decoupled overcast layer showing that approximately 24 hours later the same air mass still contained an overcast layer (orange area in Figure S2 ). A-train overpass over the eastern part of the region in the following day allowed us to prove that the clouds there were still decoupled ( Figure S3 ). It can also be seen in Figure S3 that the open cells in the north of the region (green area in Figure S2 ) are coupled. .77 was found, indicating that ΔTc is a comparable measure to ΔZ_LCL. Colors represent the temperature difference between the actual surface temperature and the SST, demonstrating the consistency between the constructed surface temperature, Tadi_sfc, and the actual surface temperature. X symbols represent the cases for which the coupling was retrieved both from the satellite using the ΔTc metric and from the ship using the ΔZ_LCL metric, for approximately the same location. Table S6 . Statistical properties (average, standard deviation and P-value) of precipitating coupled and decoupled MSC scenes of 100x100 km 2 cloud scenes with dBZ>0. n is the number of scenes. Refer to Section 4 in the main paper for the selection criteria of scenes. The statistical significance (P-value) of the difference between the two groups is calculated by Mann-Whitney u-test. CF in each 100x100 km 2 region was determined by the fraction of pixels with a successful retrieved optical thickness. Scene means of LWP, re, cloud base and top height were calculated from pixels with optical thickness larger than the 95 th percentile value in the scene, and from CALIOP cloud top height that are larger than the 95 th percentile value along CALIOP ground track at the center of the scene. dBZ reflectivities represent along track data, averaged from the maximum dBZ within each column that is larger than the 95 th percentile value of the maximum dBZ in the scene, in consistency with the other cloud properties. Please refer to section 2 in the paper for more details. Means of SST and meteorological variables represent the whole 100x100 km scene. 
